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FRAMEWORK RESIDUE SUBSTITUTED 
HUMANIZED COL-1 ANTIBODIES AND 

THEIR USE 

PRIORITY CLAIM 

This is the US. National Stage of International Application 
No. PCT/US2005/047431, ?led Dec. 30, 2005, which was 
published in English under PCT Article 21(2), which in turn 
claims the bene?t of US. Provisional Patent Application No. 
60/640,672, ?led Dec. 30, 2004, which is incorporated herein 
by reference. 

FIELD 

The present disclosure relates to humanized monoclonal 
antibodies that bind a tumor antigen. More speci?cally, the 
present disclosure relates to humanized monoclonal antibod 
ies with amino acid substitutions in the heavy chain frame 
work that retain binding a?inity for carcinoembryonic anti 
gen (CEA). The present disclosure also relates to humanized 
monoclonal antibodies with reduced immunogenicity. 

BACKGROUND 

Carcinoembryonic antigen (CEA) is a member of the 
immunoglobulin superfamily and is composed of seven 
domains linked to the cell membrane through a glycosylphos 
phatidylinositol anchor. 

Anti-tumor monoclonal antibodies have much clinical 
potential as both therapeutic and diagnostic agents. For this 
reason, monoclonal antibodies raised against carcinoembry 
onic antigen (CEA) have been generated to detect various 
epitopes on CEA (Muraro et al., Cancer Res., 45:5769-5780, 
1985, herein incorporated by reference). These antibodies 
have been designated COL-1 through COL-15 (Muraro et al., 
CancerRes., 45:5769-5780, 1985; 0huchi et al., Cancer Res. 
47:3565-3571, 1987; Wilkinson et al., Proc. Natl. Acad. Sci. 
98110256, 2001) and have been instrumental in identifying 
the differential expression pattern of CEA in different tissues 
and in numerous carcinomas, such as gastrointestinal, col 
orectal, breast, ovarian, and lung carcinomas. Of these mono 
clonal antibodies, COL-1 is of clinical importance because it 
has both a high af?nity for CEA and does not cross-react with 
other members of the immunoglobulin superfamily. 

Despite the high binding af?nity demonstrated by murine 
monoclonal antibodies, the administration of these antibodies 
to humans can be limited by their inherent immunogenicity 
and the development of a human anti-murine antibody 
(HAMA) response in these patients. The HAMA response 
can involve allergic reactions and an increased rate of clear 
ance of the administered antibody from the serum. Many 
attempts have been made to design murine monoclonal anti 
bodies that are less immunogenic to humans by “humaniz 
ing” the antibodies. Such attempts ?rst involved the design of 
human-mouse chimeras, in which a murine antigen-binding 
variable region is coupled to a human constant domain. Other, 
more recent, strategies have resulted in the design of human 
ized antibodies with the retention of fewer murine residues. 
These strategies include the development of complementarity 
determining region (CDR)-grafted monoclonal antibodies 
and speci?city-determining residue (SDR)-grafted mono 
clonal antibodies, where CDRs and/ or SDRs are grafted onto 
the variable light (V L) and/ or variable heavy (V H) framework 
(FR) of human monoclonal antibodies. Using these tech 
niques the number of immunogenic murine residues retained 
in these antibodies is reduced. A few framework residues 
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2 
considered crucial for the maintenance of antigen binding are 
also grafted onto the human frameworks. These antibodies 
can still evoke an undesired anti-variable region response 
against the potentially immunogenic framework residues. 
Thus, there exists a need to develop a humanized COL-1 
antibody with both high af?nity and reduced immunogenicity 
for use in human subjects. 

SUMMARY 

The present disclosure relates to humanized COL-1 mono 
clonal antibodies that retain CEA binding af?nity, compared 
to the HuC0L-1AZWCDR antibody. The disclosed humanized 
COL-1 antibodies have a variable heavy chain with an amino 
acid sequence as set forth in SEQ ID NO: 8 and a variable 
light chain, and include a substitution of a murine framework 
residue located at position 79 of SEQ ID NO: 8 with a residue 
at a corresponding Kabat position of the M030 human anti 
body variable heavy chain. In one speci?c example, the dis 
closed humanized COL-1 antibodies have at least one addi 
tional heavy chain framework residue substitution. In other 
speci?c examples, the disclosed humanized COL-1 antibod 
ies have at least ?ve additional heavy chain framework resi 
due substitutions. For example, the humanized COL-1 anti 
body can have additional framework substitutions at 
positions 20, 38, 48, 67, and 81 of SEQ ID NO: 8, in addition 
to the substitution at position 79. In another speci?c example, 
the disclosed humanized COL-1 antibodies have additional 
residue substitutions at positions 27 and 68 of SEQ ID NO: 8. 
In a further speci?c example, the disclosed humanized 
COL-1 antibodies have additional residue substitutions at 
positions 1, 12, 27, and 68 of SEQ ID NO: 8. Also disclosed 
herein are humanized COL-1 monoclonal antibodies 
that have reduced immunogenicity, compared to the 
HuC0L-1AZWCDR antibody. 

Methods for the use of the disclosed humanized COL-1 
monoclonal antibodies in the detection or treatment of a 
CEA-expressing tumor in a subject are described herein. 
Methods are also described for the treatment of a subject with 
the disclosed humanized COL-1 monoclonal antibodies in 
combination with an immunogenic agent. A kit including the 
antibodies disclosed herein is also described. 

The foregoing and other features and advantages will 
become more apparent from the following detailed descrip 
tion of several embodiments, which proceeds with reference 
to the accompanying ?gures. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGS. 1A and 1B are schematic representations of the 
humanization protocols for the murine COL-1 (mCOL-1) 
monoclonal antibody. FIG. 1A shows the amino acid 
sequences of the VL regions of mCOL-1 (SEQ ID NOL: 1), 
human antibody VJI'CL (SEQ ID NO: 2), HuCOL-1 derived 
from mCOL-1 and VJI'CL (SEQ ID NO: 3), and the 
HuCOL-1 variant HuC0L-1AbrCDR (SEQ ID NO: 4). FIG. 1B 
shows the amino acid sequences of the VH regions of 
mCOL-1 (SEQ ID NO: 5), human antibody M030 (SEQ ID 
NO: 6), HuCOL-1 derived from mCOL-1 and M030 (SEQ 
ID NO: 7), and the HuCOL-1 variant HuC0L-1AZWCDR (SEQ 
ID NO: 8). Dashes indicate residues that are identical in 
mCOL-1, human, and humanized antibodies. Asterisks mark 
frameworks residues that were previously thought to be 
essential for maintaining the combining site structure of 
mCOL-1. Murine frameworks residues in HuCOL-1 and 
HuC0L-1AZWCDR are shown in bold. Frameworks (FR1-FR4) 
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and CDRs (CDRl -CDR3) for the heavy and light chains are 
indicated. AbrCDR represents humanized COL-l antibody 
HuCOL-lAbrCDR. 

FIGS. 2A and 2B are schematic representations of the 
humanization protocols for mCOL-l. FIG. 2A shows the 
amino acid sequences of the VL regions of human antibody 
VJI'CL (SEQ ID NO: 2), the HuCOL-l variant HuCOL 
lAbrCDR (SEQ ID NO: 4), and FRV4 (SEQ ID NO: 9), FRV7 
(SEQ ID NO: 10), and FRVIO (SEQ ID NO: 11) antibodies 
derived from HuCOL-IAZWCDR. FIG. 2B shows the amino 
acid sequences of the VH regions of human antibody MO30 
(SEQ ID NO: 6), the HuCOL-l variant HuCOL- lAbrCDR 
(SEQ ID NO: 8), and antibodies FRV4 (SEQ ID NO: 12), 
FRV7 (SEQ ID NO: 13), and FRVIO (SEQ ID NO: 14) 
derived from HuCOL-IAZWCDR. Dashes indicate residues that 
are identical in mCOL-l, human and humanized antibodies. 
Asterisks mark frameworks residues that were previously 
thought to be essential for maintaining the combining site 
structure of mCOL-l. Murine frameworks residues in the 
humanized antibodies are shown in bold. Frameworks (FRI - 
FR4) and CDRs (CDRl -CDR3) for the heavy and light chains 
are indicated. AbrCDR represents humanized COL-l anti 

body HuCOL-lAbrCDR. 
FIGS. 3A and 3B are a series of graphs of an enzyme linked 

immunoassay (ELISA) measuring the immunoreactivity of 
HuCOL-lAbrCDR-derived antibodies to CEA. FIG. 3A com 
pares the immunoreactivity of FRVl (HuCOL-lAbrCDR), 
FRV2, FRV3, FRV4, FRV7, and FRVIO. FIG. 3B compares 
the immunoreactivity of FRVl, FRV5, FRV6, FRV8, FRV9, 
FRVI l, and FRV12. 

FIGS. 4A, 4B, and 4C are a series of graphs of a competi 
tion radioimmunoassay of HuCOL-lAbrCDR framework vari 
ants using 125I-mCOL-l. Serial dilutions of unlabeled anti 
bodies were used to compete with the binding of 125ImCOL 
l. The data was divided into three individual graphs to 
facilitate viewing. FIG. 4A compares the binding of unla 
beled murine COL-l (muCOL-l), chimeric COL-l (cCOL 
l), HuCOL-l, FRVl (HuCOL- lAbrCDR), and human IgG 
(HngG). FIG. 4B compares the binding of unlabeled murine 
HuCOL-lAbVCDR, FRV2, FRV3, FRV4, FRV7, and FRVIO. 
FIG. 4C compares the binding of unlabeled murine HuCOL 
IAZWCDR, FRVS, FRV6, FRV8, FRV9, FRVI l, and FRV12. 

FIGS. 5A-5D are a series of binding pro?le graphs repre 
senting ?uorescence activated cell sort (FACS). FIG. 5A rep 
resents an overlay between irrelevant antibody (human IgG) 
and HuCOL- lAbrCDR, FIG. 5B represents an overlay between 
irrelevant antibody and FRV4, FIG. 5C represents an overlay 
between irrelevant antibody and FRV7, and FIG. 5D repre 
sents an overlay between irrelevant antibody and FRVIO. 
Irrelevant antibody represent less 2% of the cell population. 
One microgram of each antibody was used. 

FIGS. 6A and 6B are graphs of sera reactivity, by SPR, of 
humanized COL-l framework variants. Increasing concen 
trations of HuCOL-l (Q), HuCOL-lAbrd, and FRVIO (A) 
antibodies were used to compete with the binding of anti-V 
region antibodies to COL-l present in the sera of patients 
known as EM (FIG. 6A) and MB (FIG. 6B) to HuCOL-l 
immobilized on a sensor chip. Percent binding was calculated 
from the sensorgrams and plotted as a function of competitor 
concentration. 

FIGS. 7A and 7B are a series of graphs demonstrating the 
anti-tumor effect and survival of mice with combination 
therapy. CEA-Tg mice were injected with either MC32a 
(CEA+), MC38 (CEA—), or MC32 DNlFas (defective Fas) 
tumor cells subcutaneously. Mice were treated with vaccine 
alone, with Y-90-labeled mCOL-l antibody alone, or a com 
bination of vaccine and mCOL-l antibody. The TRICOM 
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4 
vaccine regimen consisted of a prime and boost strategy using 
vaccinia and fowlpox recombinants expressing CEA (rV 
CEA/TRICOM and rF-CEA/TRICOM, respectively) and 
three costimulatory molecules (B7-l, ICAM-l, LEA-3). All 
of the vaccines were co-administered with rF-GM-CSF. 
Tumor volume (FIG. 7A) and survival (FIG. 7B) were moni 
tored for 77 days. 

SEQUENCE LISTING 

The nucleic and amino acid sequences listed in the accom 
panying sequence listing are shown using standard letter 
abbreviations for nucleotide bases, and three letter code for 
amino acids, as de?ned in 37 CPR. 1.822. Only one strand of 
each nucleic acid sequence is shown, but the complementary 
strand is understood as included by any reference to the 
displayed strand. In the accompanying sequence listing: 
SEQ ID NO: 1 is the amino acid sequence of the variable 

light chain of the murine COL-l monoclonal antibody. 
SEQ ID NO: 2 is the amino acid sequence of the variable 

light chain of the human VJI'CL antibody. 
SEQ ID NO: 3 is the amino acid sequence of the variable 

light chain of the HuCOL-l antibody. 
SEQ ID NO: 4 is the amino acid sequence of the variable 

light chain of the HuCOL-IAZWCDR antibody. 
SEQ ID NO: 5 is the amino acid sequence of the variable 

heavy chain of the murine COL-l monoclonal antibody. 
SEQ ID NO: 6 is the amino acid sequence of the variable 

heavy chain of the human MO30 antibody. 
SEQ ID NO: 7 is the amino acid sequence of the variable 

heavy chain of the HuCOL-l antibody. 
SEQ ID NO: 8 is the amino acid sequence of the variable 

heavy chain of the HuCOL-IAZWCDR antibody. 
SEQ ID NO: 9 is the amino acid sequence of the variable 

light chain of FRV4. 
SEQ ID NO: 10 is the amino acid sequence of the variable 

light chain of FRV7. 
SEQ ID NO: 11 is the amino acid sequence of the variable 

light chain of FRVIO. 
SEQ ID NO: 12 is the amino acid sequence of the variable 

heavy chain of FRV4. 
SEQ ID NO: 13 is the amino acid sequence of the variable 

heavy chain of FRV7. 
SEQ ID NO: 14 is the amino acid sequence of the variable 

heavy chain of FRVIO. 
SEQ ID NO: 15 is the amino acid sequence of the variable 

light chain of the HuCOL-l SDR antibody. 
SEQ ID NO: 16 is the amino acid sequence of the variable 

heavy chain of the HuCOL-l SDR antibody. 
SEQ ID NOs: l7 and 18 are the amino acid sequence of a 

peptide. 
SEQ ID NOs: 19-23 and 29 are the nucleic acid sequences 

of variable heavy chain 3' primers. 
SEQ ID NOs: 24-28 are the nucleic acid sequences of 

variable heavy chain 5' primers. 

DETAILED DESCRIPTION 

I. Abbreviations 

Ab antibody 
Ag antigen 
BSM bovine submaxillary mucin 
C constant 
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-continued 

CEA carcinoembryonic antigen 
CH constant heavy 
CHO Chinese hamster ovary 
CL constant light 
CDR complementarity determining region 
ELISA enzyme linked immunoassay 
Fab fragment antigen binding 
F(ab')2 Fab with additional amino acids, including cysteines 

necessary for disul?de bonds 
FACS fluorescence activated cell sort 
FR framework region 
Fv fragment variable 
H heavy 
HAMA human antimurine antibody 
HngG human immunoglobulin G 
IC5O half maximal inhibition of binding 
Ig immuno globulin 
IL interleukin 
Ka relative af?nity constant 
L light 
mCOL—1 murine COL—1 
PCR polymerase chain reaction 
PDB protein data bank 
RU resonance unit 

scFv single chain Fv 
SDR speci?city determining residue 
SPR surface plasmon resonance 
TNF tumor necrosis factor 
V variable 
VH variable heavy 
VL variable light 

II. Terms 
Unless otherwise noted, technical terms are used according 

to conventional usage. De?nitions of common terms in 
molecular biology may be found in Benjamin Lewin, Genes 
V, published by Oxford University Press, 1994 (ISBN 0-19 
854287-9); Kendrew et al. (eds.), The Encyclopedia of 
Molecular Biology, published by Blackwell Science Ltd., 
1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.), 
Molecular Biology and Biotechnology: a Comprehensive 
Desk Reference, published by VCH Publishers, Inc., 1995 
(ISBN 1-56081-569-8). 

In order to facilitate review of the various embodiments of 
the invention, the following explanations of speci?c terms are 
provided: 

Animal: Living multi-cellular vertebrate organisms, a cat 
egory that includes, for example, mammals and birds. The 
term mammal includes both human and non-human mam 
mals. Similarly, the term “subject” includes both human and 
veterinary subjects. 

Antibody: Immunoglobulin (Ig) molecules and immuno 
logically active portions of Ig molecules, for instance, mol 
ecules that contain an antigen binding site which speci?cally 
binds (immunoreacts with) an antigen. 

Anaturally occurring antibody (for example, IgG) includes 
four polypeptide chains, two heavy (H) chains and two light 
(L) chains interconnected by disul?de bonds. The two heavy 
chains are linked to each other by disul?de bonds and each 
heavy chain is linked to a light chain by a disul?de bond. 
There are two types of light chain, lambda (7») and kappa (k). 
There are ?ve main heavy chain classes (or isotypes) which 
determine the functional activity of an antibody molecule: 
IgM, IgD, IgG, IgA and IgE. 

Each chain contains distinct sequence domains. The light 
chain includes two domains, a variable domain (VL) and a 
constant domain (CL). The heavy chain includes four 
domains, a variable domain (V H) and three constant domains 
(CH1, CH2 and CH3, collectively referred to as CH). The 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
variable regions of both light (V L) and heavy (V H) chains 
determine binding recognition and speci?city to the antigen. 
The constant region domains of the light (CL) and heavy 
(CH) chains confer important biological properties such as 
antibody chain association, secretion, transplacental mobil 
ity, complement binding, and binding to Fc receptors. The 
speci?city of the antibody resides in the structural comple 
mentarity between the antibody combining site and the anti 
genic determinant. Antibody combining sites are made up of 
residues that are primarily from the hypervariable or comple 
mentarity determining regions (CDRs). However, it is 
believed that residues from nonhypervariable or framework 
regions (FR) in?uence the overall domain structure and hence 
the combining site. 

It has been shown that the antigen-binding function of an 
antibody can be performed by fragments of a naturally occur 
ring antibody. Thus, these anti gen-binding fragments are also 
intended to be designated by the term “antibody.” Examples 
of binding fragments encompassed within the term antibody 
include (i) an Fab fragment consisting of the VL, VH, CL and 
CH1 domains; (ii) an Fd fragment consisting of the VH and 
CH1 domains; (iii) an Fv fragment consisting of the VL and 
VH domains of a single arm of an antibody, (iv) a dAb frag 
ment (Ward et al., Nature 341 :544-546, 1989) which consists 
of a VH domain; and (v) an F(ab')2 fragment, a bivalent frag 
ment comprising two Fab fragments linked by a disul?de 
bridge at the hinge region. Furthermore, although the two 
domains of the EV fragment are coded for by separate genes, 
a synthetic linker can be made that enables them to be made 
as a single protein chain (known as single chain Fv (scFv); 
(Bird et al., Science 242:423-426, 1988; and Huston et al., 
Proc. Natl. Acad. Sci. 85:5879-5883, 1988) by recombinant 
methods. Such single chain antibodies, as well as dst, a 
disul?de stabilized Fv (Bera et al., J. Mol. Biol. 281 :475-483, 
1998), and dimeric Fvs (diabodies), that are generated by 
pairing different polypeptide chains (Holliger et al., Proc. 
Natl. Acad. Sci. 90:6444-6448, 1993), are also included. 

In one embodiment, antibody fragments for use in this 
disclosure are those which are capable of cross-linking their 
target antigen, for example, bivalent fragments such as 
F(ab')2 fragments. Alternatively, an antibody fragment which 
does not itself cross-link its target antigen (for example, a Fab 
fragment) can be used in conjunction with a secondary anti 
body which serves to cross-link the antibody fragment, 
thereby cross-linking the target antigen. Antibodies can be 
fragmented using conventional techniques and the fragments 
screened for utility in the same manner as described for whole 
antibodies.An antibody is further intended to include human 
ized monoclonal molecules that speci?cally bind the target 
antigen. 

“Speci?cally binds” refers to the ability of individual anti 
bodies to speci?cally immunoreact with an antigen. This 
binding is a non-random binding reaction between an anti 
body molecule and the antigen. Binding speci?city is typi 
cally determined from the reference point of the ability of the 
antibody to differentially bind the antigen of interest and an 
unrelated antigen, and therefore distinguish between two dif 
ferent antigens, particularly where the two antigens have 
unique epitopes. An antibody that speci?cally binds to a 
particular epitope is referred to as a “speci?c antibody.” 
“Immunoreactivity” refers to a measure of the ability of an 
immunoglobulin to recognize and bind to a speci?c antigen. 

In one embodiment the antigen is carcinoembryonic anti 
gen (CEA). Monoclonal and humanized immunoglobulins 
are encompassed by the disclosure. In one example, a murine 
monoclonal antibody that recognizes the CEA antigen is 
COL-1. In other examples, a humanized COL-1 antibody is 
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HuCOL-l or HuCOL- 1AbrCDR. In yet other examples, a 
humanized COL-1 antibody includes a light chain derived 
from HuCOL-IAZWCDR and/or a heavy chain derived from 
HuCOL-lAbrCDR. In several examples, humanized COL-1 
antibodies are HuCOL-lFRV4 (“FRV4”), HuCOL-lFRV7 
(“FRV7”), or HuCOL-lFRVlO (“FRV10). The disclosure 
also includes synthetic and genetically engineered variants of 
these immunoglobulins. 

Antigen: Any molecule that can bind speci?cally with an 
antibody. An antigen is also a substance that evokes immune 
response, including production of antibodies. Antigens are 
often foreign substances such as allergens, bacteria or viruses 
that invade the body. A speci?c, non-limiting example of an 
antigen is CEA. 

Carcinoembryonic antigen (CEA): A member of the 
immuno globulin superfamily that includes normal fecal anti 
gen, non-speci?c cross-reacting antigen, meconium antigen, 
and biliary glycoprotein. CEA is composed of seven domains 
linked to the cell membrane through a glycosylphosphatidyli 
nositol anchor and has a molecular weight of 180 kDa (Gen 
Bank Accession Number A36319, herein incorporated by 
reference). CEA is normally expressed in a variety of glan 
dular epithelial tissues, where it appears to be localized to the 
apical surface of the cells, although it is also expressed in 
numerous carcinomas including gastrointestinal, colorectal, 
breast, ovarian and lung carcinomas (Robbins et al., Inl’l J. 
Cancer, 53:892-897, 1993; Greiner et al., J. Clin. Oncol., 
10:735-746, 1992; Ohuchi et al., Cancer Res. 47:3565-5780, 
1985; Muraro et al., Cancer Res., 45:57695780, 1985). CEA 
is an especially well characterized human tumor antigen and 
is widely used for the diagnosis of human colon cancer. 
Monoclonal antibodies, designated COL-1 through COL-15, 
have been generated to detect various epitopes on CEA (Mu 
raro et al., CancerRes., 45:5769-5780, 1985, herein incorpo 
rated by reference), and in using these antibodies the differ 
ential expression of CEA has been determined (Muraro et al., 
CancerRes., 45:5769-5780, 1985; Ohuchi et al., Cancer Res. 
47:3565-3571, 1987; Wilkinson et al., Proc. Natl. Acad. Sci. 
98:10256, 2001). Of these monoclonal antibodies, COL-1 is 
of clinical importance because it has a high a?inity for CEA. 
cDNA (complementary DNA): A piece of DNA lacking 

internal, non-coding segments (introns) and regulatory 
sequences that determine transcription. cDNA is synthesized 
in the laboratory by reverse transcription from messenger 
RNA extracted from cells. 
CEA binding af?nity: Af?nity of an antibody for CEA. In 

one embodiment, CEA binding a?inity is calculated by a 
modi?cation of the Scatchard method described by Frankel et 
al. (Mol. Immunol., 16:101-106, 1979). One of skill in the art 
can readily identify a statistical test that determines a statis 
tically signi?cant result, for example, the Student’ s t-test, the 
Wilcoxon two sample test, or the Median test. In one embodi 
ment, a humanized COL-1 antibody, such as an antibody 
derived from HuCOL- 1 A bVCDR (for example, FRV4, FRV7, or 
FRV10) retains CEA binding a?inity when CEA binding 
a?inity is similar to or is increased as compared to a COL-1 
antibody, for example mCOL-l, HuCOL-l, or HuCOL 
1AZWCDR. In another embodiment, a humanized COL-1 anti 
body retains CEA binding a?inity when CEA binding a?inity 
is at least about 2.0><10_8 M. In other embodiments, the 
humanized COL-1 antibody retains CEA binding a?inity 
when CEA binding a?inity is at least about 2.5><10_8, about 
3.0><10_8, about 3.5><10_8, about 4.0><10_8, about 4.5><10_8, 
about 5.0><10_8 M or greater. 

In another embodiment, a CEA binding a?inity is mea 
sured by an antigen/ antibody dissociation rate of a humanized 
COL-1 antibody. A humanized COL-1 antibody, such as an 
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8 
antibody derived from HuCOL- 1 A bVCDR (for example, FRV4, 
FRV7, or FRV10) retains CEA binding af?nity when the 
antigen/ antibody dissociation rate is equal to or lower than the 
parent antibody. In yet another embodiment, a CEA binding 
a?inity is measured by a competition radioimmunoassay. 
CEA binding af?nity is retained when the amount of a 
humanized COL-1 antibody needed for 50% inhibition of the 
binding of 125I-labeled HuCOL-l antibody to BSM is less 
than that required by the parent antibody. In another embodi 
ment, a CEA binding af?nity is measured by ?ow cytometry. 
CEA binding a?inity is retained when the number of gated 
cells labeled with humanized COL-1 antibody is the same or 
greater than the number of gated cells labeled by the parent 
antibody. 

Chimeric antibody: An antibody which includes sequences 
derived from two different antibodies, which typically are of 
different species. Most typically, chimeric antibodies include 
human and murine antibody domains, generally human con 
stant regions and murine variable regions (including murine 
CDRs and/or murine SDRs). 

Complementarity Determining Region (CDR): Amino 
acid sequences which together de?ne the binding a?inity and 
speci?city of the natural Fv region of a native Ig binding site. 
The light and heavy chains of an Ig each have three CDRs, 
designated L-CDR1, L-CDR2, L-CDR3 and H-CDR1, 
H-CDR2, H-CDR3, respectively. The CDRs of the light chain 
are bounded by the residues at positions 24 and 34 (L-CDR1), 
50 and 56 (L-CDR2), 89 and 97 (L-CDR3); the CDRs of the 
heavy chain are bounded by the residues at positions 31 and 
35b (H-CDR1), 50 and 65 (H-CDR2), 95 and 102 (H-CDR3), 
using the numbering convention delineated by Kabat et al., 
(1991) Sequences ofProteins oflmmunological Interest, 5th 
Edition, Department of Health and Human Services, Public 
Health Service, National Institutes of Health, Bethesda (NIH 
Publication No. 91 -3242). 

Cytotoxin: An agent that is toxic for cells. Examples of 
cytotoxins include radioactive isotopes, chemotherapeutic 
drugs, bacterial toxins, viral toxins, and proteins contained in 
venom (for example, insect, reptile, or amphibian venom). A 
cytokine, such as interleukin-2 or interferon, can also be a 
cytotoxin. 

Diagnostically effective amount: A quantity of a speci?c 
substance su?icient to achieve a desired effect in a subject or 
tissue being diagnosed. For instance, this can be the amount 
necessary to detect the presence of a tumor or a tumor cell. In 
one embodiment, a diagnostically effective amount is the 
amount necessary to detect a tumor expressing CEA. When 
administered to a subject, a dosage will generally be used that 
will achieve target tissue concentrations (for example, in 
tumors) that has been shown to achieve a desired in vitro 
effect. 
DNA: Deoxyribonucleic acid. DNA is a long chain poly 

mer which constitutes the genetic material of most living 
organisms (some viruses have genes composed of ribonucleic 
acid (RNA)). The repeating units in DNA polymers are four 
different nucleotides, each of which contains one of the four 
bases, adenine, guanine, cytosine and thymine bound to a 
deoxyribose sugar to which a phosphate group is attached. 
Triplets of nucleotides (referred to as codons) code for each 
amino acid in a polypeptide. The term codon is also used for 
the corresponding (and complementary) sequence of three 
nucleotides in the mRNA that is transcribed from the DNA. 

Effector Molecule: Therapeutic, diagnostic, or detection 
moieties linked to an antibody, such as HuCOL-l, HuCOL 
1AbrCDR, or antibodies derived from HuCOL-lAbrCDR (for 
example, FRV4, FRV7, or FRV10), using any number of 
means known to those of skill in the art. Both covalent and 
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noncovalent linkage means may be used. The procedure for 
linking an effector molecule to an antibody varies according 
to the chemical structure of the effector. Polypeptides typi 
cally contain a variety of functional groups; for example, 
carboxylic acid (COOH), free amino (iNHZ) or sulfhydryl 
(iSH) groups, which are available for reaction with a suit 
able functional group on an antibody to result in the linkage of 
the effector molecule. Alternatively, the antibody is deriva 
tized to expose or link additional reactive functional groups. 
The derivatization may involve linkage of any of a number of 
linker molecules, such as those available from Pierce Chemi 
cal Company, Rockford, Ill. The linker can be any molecule 
used to join the antibody to the effector molecule. The linker 
is capable of forming covalent bonds to both the antibody and 
to the effector molecule. Suitable linkers are well known to 
those of skill in the art and include, but are not limited to, 
straight or branched-chain carbon linkers, heterocyclic car 
bon linkers, or peptide linkers. Where the antibody and the 
effector molecule are polypeptides, the linkers may be joined 
to the constituent amino acids through their side groups (for 
example, through a disul?de linkage to cysteine) or to the 
alpha carbon amino and carboxyl groups of the terminal 
amino acids. 
An “immunoconjugate” is a covalent linkage of an effector 

molecule, such as a toxin, a chemical compound, or a detect 
able label, to an antibody. Speci?c, non-limiting examples of 
toxins include, but are not limited to, abrin, ricin, Pseudomo 
nas exotoxin (such as PE35, PE37, PE38, and PE40), diph 
theria toxin, anthrax toxin, botulinum toxin, or modi?ed tox 
ins thereof. For example, Pseudomonas exotoxin and 
diphtheria toxin are highly toxic compounds that typically 
bring about death through liver toxicity. Pseudomonas exo 
toxin and diphtheria toxin, however, can be modi?ed into a 
form for use as an immunotoxin by removing the native 
targeting component of the toxin (for example, domain Ia of 
Pseudomonas exotoxin and the B chain of diphtheria toxin) 
and replacing it with a different targeting moiety, such as an 
antibody. Other toxic agents, that directly or indirectly inhibit 
cell growth or kill cells, include chemotherapeutic drugs, 
cytokines, for example interleukin (IL)-2, IL-4, IL-10, tumor 
necrosis factor-alpha, or interferon-gamma, radioactive iso 
topes, viral toxins, or proteins contained within, for example, 
insect, reptile, or amphibian venom. Speci?c, non-limiting 
examples of detectable labels include, but are not limited to, 
radioactive isotopes, enzyme substrates, co-factors, ligands, 
chemiluminescent agents, ?uorescent agents, haptens, or 
enzymes. 

In one embodiment, an antibody is joined to an effector 
molecule. In another embodiment, an antibody joined to an 
effector molecule is further joined to a lipid or other molecule 
to a protein or peptide to increase its half-life in the antibody. 
The linkage can be, for example, either by chemical or recom 
binant means. In one embodiment, the linkage is chemical, 
wherein a reaction between the antibody moiety and the 
effector molecule has produced a covalent bond formed 
between the two molecules to form one molecule. A peptide 
linker (short peptide sequence) can optionally be included 
between the antibody and the effector molecule. 

In some circumstances, it is desirable to free the effector 
molecule from the antibody when the immunoconjugate has 
reached its target site. Therefore, in these circumstances, 
immunoconjugates will comprise linkages that are cleavable 
in the vicinity of the target site. Cleavage of the linker to 
release the effector molecule from the antibody may be 
prompted by enzymatic activity or conditions to which the 
immunoconjugate is subjected either inside the target cell or 
in the vicinity of the target site. When the target site is a tumor, 
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a linker which is cleavable under conditions present at the 
tumor site (for example, when exposed to tumor-associated 
enzymes or acidic pH) may be used. 

In view of the large number of methods that have been 
reported for linking a variety of radiodiagnostic compounds, 
radiotherapeutic compounds, label (for example, enzymes or 
?uorescent molecules) drugs, toxins, and other agents to anti 
bodies one skilled in the art will be able to determine a 
suitable method for linking a given agent to an antibody. 

Encode: A polynucleotide is said to “encode” a polypep 
tide if, in its native state or when manipulated by methods 
well known to those skilled in the art, it can be transcribed 
and/or translated to produce the mRNA for and/or the 
polypeptide or a fragment thereof. The anti-sense strand is the 
complement of such a nucleic acid, and the encoding 
sequence can be deduced therefrom. 

Epitope: A site on an antigen recognized by an antibody, as 
determined by the speci?city of the antibody amino acid 
sequence. Epitopes are also called antigenic determinants. 
Framework Region: Amino acid sequences interposed 

between CDRs. 
Antibody framework region includes variable light and 

variable heavy framework regions. The framework regions 
serve to hold the CDRs in an appropriate orientation for 
antigen binding. The light and heavy chains of an Ig each have 
four framework regions, designated FRI, FR2, FR3 and FR4 
for both the light and heavy chains. The numbering of the 
residues in the light chain and heavy chain framework regions 
follows the numbering convention delineated by Kabat et al. 
(1991, supra). 
Human anti-murine antibody (HAMA) response: An 

immune response in a human subject against a murine anti 
body, or an antibody including murine components (for 
example, CDRs, SDRs, or framework residues) that has been 
administered to the subject. Repeated antibody administra 
tion may lead to an increased rate of clearance of the antibody 
from the patient’ s serum and may also elicit allergic reactions 
in the subject. 
Humanized antibody: A human antibody genetically engi 

neered to include mouse hypervariable regions, CDRs and/or 
SDRs. In one embodiment, the DNA encoding hypervariable 
loops of mouse monoclonal antibodies or variable regions 
selected in phage display libraries is inserted into the frame 
work regions of human Ig genes. Antibodies can be “custom 
ized” to have a desired binding af?nity or to be minimally 
immunogenic in the humans treated with them. 
Humanized COL-l antibodies: COL-l antibodies human 

ized by grafting mCOL-l (murine COL-l) residues (for 
example, CDRs, SDRs, or framework residues) onto the 
frameworks of the relevant human antibodies. mCOL-l 
CDRs include synthetic amino acid sequences that are iden 
tical in sequence to the native mCOL-l CDRs or that include 
one or more amino acid substitutions. COL-l can be human 

ized by grafting only a subset of the COL-l CDR residues, for 
example a partial or “abbreviated” CDR, as in HuCOL 
lAbrCDR (see below), or only those residues that are important 
for antigen binding (ligand contact residues or SDRs), onto 
the variable light and variable heavy framework regions of 
human antibody sequences. Examples of human antibody 
sequences include VJI'CL or M030. 

In one embodiment of a humanized COL-l antibody, 
COL-l CDR residues that are not involved in antigen binding 
(non-ligand contact residues or non-SDRs) are substituted 
with the corresponding residues of a human antibody. In 
another embodiment of a humanized COL-l antibody, 
COL-l framework residues are substituted with the corre 
sponding residues of a human antibody framework. A limited 






















































